The effects of different doses of date palm (Phoenix dactylifera) seed (DPS) extract on heavy metals (Pb, Cd, As, Hg) concentrations of common carp (Cyprinus carpio) were evaluated. The fi sh (31.6±3.7 g) were assigned to fi ve treatments of three replications each. Five treatments were held using fi ve different DPS extracts at doses of 0% (control), 0.5%, 1%, 2%, and 4%. The results revealed that heavy metals concentrations of fi sh decreased in the 0.5% and 1% treatments (P<0.05). Hg and Cd concentrations in muscle decreased in all treatments (P<0.05). The results of this research clearly show that the addition of DPS extract to a fi sh diet has a signifi cant effect on heavy metals concentrations (P<0.05). DPS extracts were shown to be rich in phenolics and fl avonoids. Therefore, they have also been discussed as protectants against heavy metal stress. It could be concluded that feeding common carp a diet enriched with DPS extract could decrease heavy metals concentrations that can cause cancer.
Introduction
Heavy metals contamination is a globally recognized public health hazard because these pollutants are widespread in the environment, including marine and freshwater ecosystems, from either natural or anthropogenic sources. As a consequence, they can be accumulated by aquatic organisms through exposure to metals present in water and sediments or in the food chain.
Thus diet comprises the main route of exposure to these elements in the general population [1] .
Some of these elements such as mercury, arsenic, cadmium, and lead have no known role in biological systems. They are natural trace components of the aquatic environment, but their levels have increased due to industrial, agricultural, and mining activities. Even low metal concentrations may threaten the health of aquatic and terrestrial organisms -and people [2] .
Date seed is the major byproduct of date fruit. The date seeds constitute approximately 10% of the fruits. Also, the date seeds contain a high percentage of carbohydrates (81.0-83.1%), protein (5.17-5.56%),
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oil (10.19-12 .67%), ash (1.12-1.15%), and oleic acid (41.3-47.7%) [3] . Presently, date seeds are used mainly for animal feed industries. However, given their excellent nutritional profi le, value-added utilization of date seed powder has a potential for use in food applications as well. Date seed is a waste product that is generated in huge amounts by the date production process. Date fl esh has long been known for its high nutritional value and health benefi ts [4] . It is also recognized as a rich source of compounds including phenolic acids and fl avonoids. Date seeds have also been shown to have excellent nutritional quality due to high amounts of minerals, vitamins, lipids, and protein [5, 13] . Additionally, date seeds contain phenolics and total fl avonoids, which have a chelating agent role in contrast to heavy metals accumulation [6] .
Fish, meanwhile, is acknowledged as an integral component of a well-balanced diet that provides a healthy source of energy, high-quality proteins, vitamins, and a wide range of other important nutrients [7] . But in contrast to the potential health benefi ts of dietary fi sh intake, the chemical pollutants contained in these products have emerged as an issue of concern, particularly for frequent fi sh consumers [8] . So this study was conducted to investigate the effects of date palm (Phoenix dactylifera) seed extract on the accumulation of heavy metals in fi sh.
Materials and Methods
Plant Materials and Preparation of Extract
The date fruits were collected from Shadegan, Iran, during the last stage of the ripening process in which the dates look dehydrated (the tamar stage), and identifi ed by the Department of Medicinal Plants and Natural Products Research Center, Ahvaz Jundishapur University of Medical Sciences, Ahvaz, Iran. Seeds were isolated from fruits, then soaked in water and washed to remove any remaining date fl esh. The seeds were air-dried under the shade at room temperature and ground to convert the seeds to powder. Powdered date seeds were extracted after 72 hours of maceration in methanol. The extract was then concentrated under reduced pressure in a rotary evaporator to reach the desired volume. The solvent was removed using a freeze dryer (operon). The yield of the extract (dry powder) was calculated to be 4.2%.
Fish and Experimental Treatments
In this study 150 common carp (weighting 31.6±3.7g) were collected from the Khouzestan Aquaculture Association and transferred to a set of aquariums (15 x 150 l each, including: fi ve aquariums with three replicates for each aquarium and 10 fi sh in each). The fi sh were divided randomly into fi ve treatments. Fish were placed for 60 days in aquariums containing decolorized tap water at 26-28ºC, pH of 7. . Five treatments were held in fi ve different date palm (Phoenix dactylifera) seed extracts at doses of 0% (control), 0.5%, 1%, 2%, and 4%. During the study period, three times a day the fi sh was fed by commercial carp food. The composition fi gures of the commercial diet (wet basis %) were 11% humidity, 28% protein, 14% lipid, and 12% ash, 1%, 3.5% fi ber (feeding rate: 2% of fi sh body weight). The water was aerated properly to supply oxygen to water at levels near the saturation level. During the test, physicochemical properties of water such as temperature and oxygen were measured daily. After 60 days, a total of 150 samples of common carp (Cyprinous carpio) were collected from aquariums to determine heavy metals content.
Sample Preparation
Approximately 0.7 g of muscle and liver tissues of all fi sh samples from each treatment were microwavedigested for 30 min in a closed quartz vessel with 2 mL of H 2 0, 4 mL of HNO 3 , and 0.5 mL of HCl. The microwave oven was programmed at 1,400 W and 80 bar as power and pressure limits, respectively (ramp time 10 min; hold time 10 min; cooling time 20 min). The digested solution was then transferred to a decontaminated tube for its later analysis. Quartz vessels were vigorously cleaned, soaked for 24 h in 15% HNO 3 , thoroughly rinsed with Milli-Q water before use, and dried at 80ºC for about 2 h [9] .
Instrumentation
In order to identify the phenolic profi le of DPS extract, phytochemical analysis was done by high-performance liquid chromatography (HPLC) [10] . An AAnalyst 800 atomic absorption spectrometer (Perkin Elmer, Norwalk, USA) equipped with a graphite furnace and an AS-800 autosampler, Zeeman background correction system, and graphite tubes with integrated L'vov platform was used to determine Pb and Cd. As was measured with direct fl ow injection through a hydride generation system (Perkin-Elmer FIAS-100) coupled to the AAnalyst 800. Total Hg was determined in a Perkin Elmer 560 atomic absorption spectrometer (Perkin Elmer, Norwalk, USA) equipped with a power supply lamp system and MHS-10 mercury hydride system. Fish samples were subjected to a microwave-assisted digestion procedure (Multiwave 3000, Anton Parr). Aliquots of 20 μL of digested samples were introduced directly into a graphite furnace with an equal volume of matrix modifi er (a mixture of 3.3% Pd and 0.03% Mg as nitrates in 0.2% HNO 3 ). An electrodeless discharge lamp was used. -As: The arsenic contained in standard solutions (calibration curve 0, 0.5, 1.5, and 2.5 μg/L) or digested fi sh samples was reduced to As 3+ prior to analysis with a mixture of potassium iodide and ascorbic acid. One milliliter of concentrated HCl and 1 mL of 5% (w/v) KIascorbic acid were added to 1 mL of digested sample. After 45 min at room temperature the mixture was diluted to 10 mL with water. The reducing agent was an aqueous solution of 0.2% (w/v) NaBH 4 in a 0.05% (w/v) NaOH solution freshly prepared and fi ltered. Standard addition was required and cell temperature was set at 900ºC. An electrodeless discharge lamp was used.
Analytical Procedures
-Hg: The mercury standard calibration plot (0, 2.5, 5, and 10 μg/L) was prepared in 10 mL of acid mixture containing 1.5% HNO 3 and 1.5% H 2 SO 4 . Nine mL of acid mixture was added to 1 mL of digested sample. Mercury was determined using an aqueous solution of 3% (w/v) NaBH 4 in a 1% (w/v) NaOH solution freshly prepared and fi ltered as reducing agent. One to two drops of silicone antifoaming was dispensed into a reaction fl ask before introducing any solution. All solutions were stabilized by adding 500 μL of 5% KMnO 4 solution before starting the determination. An electrodeless discharge lamp was used [11] .
Statistical Analysis
Data were reported as mean deviation of triplicate measurements. Signifi cant differences (p<0.05) within means were analyzed by one-way analysis of variance (ANOVA) and Tukey's honestly signifi cant difference (HSD) test in the RStudio Software Version 0.98.1103 [12] . Analytical methods validation parameters including linearity, LOD, LOQ, precision, accuracy, certifi ed value, observed value, and analysis of fi sh tissue-CRM recovery are shown in Table 1 .
Results and Discussion
Heavy metals concentrations of Hg, Cd, Pb, and As in muscle and liver tissues of fi sh were fed the 0% (control), 0.5%, 1%, 2%, and 4% of date palm (Phoenix dactylifera) seed (DPS) extract diet after 60 days of culture period ( Table 2 ).
Effects of DPS Extract on Heavy Metals
Concentrations of Fish
Pb concentrations in fi sh muscle were decreased in 0.5% and 1% of DPS extract treatment than 0% (control) treatment and in liver were decreased in 0.5%, 2%, and 1% DPS extract treatments than 0% (control) treatment, respectively, except for Pb concentrations in muscle and liver of 4% DPS extract, which were increased in comparison with other treatments. Also, Pb concentration in muscle of 2% DPS extract treatment was similar to 4% DPS extract treatment. A signifi cant difference of Pb concentration in muscle of 4% DPS extract treatment was observed compared to 0.5% and 1% DPS extract and control treatments during the rearing period (P<0.05). Also, the signifi cant difference of Pb concentration in liver of 4% DPS extract treatment was found compared to 0.5%, 1%, and 2% DPS extract and control treatments (P<0.05).
Cd concentrations in muscle of fi sh decreased in 0.5%, 1%, 2%, and 4% of DPS extract, and in liver decreased in 1% and 0.5% DPS extract. Cd concentrations in liver of 2% and 4% DPS extract increased in comparison with other treatments. Signifi cant differences of Cd concentrations in muscle of 0.5%, 1%, 2%, and 4% DPS extract were observed compared to 0% (control) treatment during the rearing period (P<0.05). Signifi cant differences of Cd concentrations in liver of 1% DPS extract were found compared to 0% (control), 0.5%, 2%, and 4% treatments (P<0.05).
As concentrations in muscle decreased in 0.5%, 1%, and 2% of DPS extract, and in liver decreased in 0.5% and 1% DPS extract. As concentrations in muscle and liver of 4% DPS extract increased in comparison with other treatments. Also, As concentrations in liver of 2% DPS extract increased in comparison with other treatments, which was similar to 4% DPS extract. Signifi cant differences of As concentrations in muscle of all experimental treatments were observed during the rearing period (P<0.05). Signifi cant differences of As concentrations in liver were found between 2% and 4% with 0.5% and 1% DPS extract (P<0.05). Hg concentrations in muscle decreased in 1%, 2%, 0.5%, and 4% of DPS extract, and in liver decreased in 4%, 1%, and 0.5% DPS extract. Hg concentrations in liver of fi sh fed the 2% DPS extract increased in comparison with other treatments. Signifi cant differences of Hg concentrations in muscle of 0.5%, 1%, 2%, and 4% DPS extract were observed compared to 0% (control) treatment during the rearing period (P<0.05). Signifi cant differences of Hg concentrations in liver of 0.5%, 1%, and 4% DPS extract were found compared to 0% (control) treatment (P<0.05). Also, signifi cant differences in Hg concentration in liver of 2% DPS extract was found compared to 0.5%, 1%, and 4% DPS extract (P<0.05; Table 2 ).
Heavy metals concentrations of fi sh decreased in the 0.5% and 1% treatments. In the 2% treatment the concentrations of heavy metals were increased in liver, except for Pb metal. Also, heavy metals concentrations in this treatment decreased in the muscle, except for Pb accumulation in muscle. Heavy metals concentrations in muscle and liver increased in the 4% treatments except for Cd concentrations in muscle and Hg concentrations in muscle and liver -particularly liver, in which 4% DPS extract dose of the diet could decrease Hg rather than other doses (P<0.05). Also, Hg and Cd concentrations in muscle decreased in all treatments. The present study describes fi ndings that are essential for future studies in decreasing toxic metals of common carp (Cyprinus carpio) by date palm (Phoenix dactylifera) seed (DPS) extract.
Phytochemical Analysis of DPS Extract Compounds
Our results of phytochemical analysis on phenolic profi le of date palm seed (DPS) extract were: gallic, protocatechuic, p-hydroxybenzoic, vanillic, caffeic, ferulic, p-coumaric, m-coumaric, o-coumaric, quercitin, sinapic, cinnamic, and 5-o-caffeoylshikimic acids. This is in agreement with Al-Farsi and Lee [14] , who detected phenolic acids in date seeds, including: gallic, protocatechuic, p-hydroxybenzoic, vanillic, caffeic, p-coumaric, ferulic, m-coumaric, and o-coumaric acids. Also, Ammar et al. [15] reported similar results for phytochemicals on seed of the plant. Moreover, Mansouri et al. [16] analyzed the phenolic profi les of seven Algerian varieties of date and observed that they contain p-coumaric, ferulic, and sinapic acids, some cinnamic acid derivatives, and three different isomers of 5-o-caffeoyl shikimic acid.
Determining the polyphenolic profi le is of great importance in terms of future potential value of date seeds as a functional ingredient protecting against heavy metal toxicity [17] . Phenolics and fl avonoids have multiple protective functions such as antioxidative activity. Therefore, they have also been discussed as protectants against heavy metal stress [18] . 
Effects of Plant Extracts on Heavy Metals Toxicity
The selected studies on the protective effects of plant extracts against heavy metals toxicity in male rats includes: -Ginger (Zingiber offi cinale) (2011): administered form (150 mg/kg body weight ginger extract by oral gavage), duration (three weeks), animal model (male rats exposed to 300 mg/kg body weight Pb-nitrate by oral gavage), target sites (kidneys), protective effects (ginger recovered the GSH level and the activity of antioxidant enzymes and alleviated renal histological changes) [19] -Green tea (2012): administered form (1.5% w/v green tea extract in drinking water), duration (eight weeks), animal model (male rats exposed to 0.4% Pb-acetate in drinking water), target sites (liver), protective effects (green tea recovered hepatic function and alleviated histological changes in the liver) [20] -Curry leaf (Murraya koenigii) (2012): administered form (100 mg/kg body weight curry leaf extract orally), duration (15 days), animal model (male rats exposed to 0.44 mg/kg body weight CdCl2 subcutaneously), target sites (heart), protective effects (curry leaf increased the activity of cardiac antioxidant enzymes and decreased the cardiac lipid peroxidation and Cd levels) [21] This research is the fi rst report to our knowledge demonstrating the effect of DPS extract on decreased heavy metals concentrations in muscle and liver of fi sh because of bioactive polyphenol compounds of DPS extract inhibiting heavy metals transport across the enterocyte and liver to fi sh body by a chelating mechanism.
On the other hand, it is important to note that the information shown here provides an overview of the conditions that determine the concentrations of Pb, Cd, As, and Hg in muscle and liver of common carp before applying DPS extract to diet. The results revealed that heavy metals concentrations (mg/kg wet weight) in fi sh muscle and liver of zero phase were Pb-M: 0.0122±0.0031, Pb-L: 0.0431±0.0063, Cd-M: 0.0036±0.0006, Cd-L: 0.0143±0.0090, As-M: 0.0285±0.0086, As-L: 0.0956±0.0180, Hg-M: 0.0183±0.0020, and Hg-L: 0.0043±0.0007. According to research, the results showed different levels of heavy metals concentrations (mg/kg) in tissues of common carp (Cyprinus carpio) as: muscle (Cd: 0.13±0.10, Pb: 1.98±1.61), liver (Cd: 0.06±0.05, Pb: 2.79±0.29) [22] , muscle (Cd: 0.009±0.005, Pb: 0.081±0.002) [23] , and range (min-max) of Cd, Hg, and As in muscle (Cd: 0.044-0.093, Hg: 0.03-0.11, As: 0.004-0.006) [24] , muscle (Cd: 0.003±0.001, Hg: 0.06±0.02), and liver (Cd: 0.004±0.001) [25] . In contrast, research about concentrations of heavy metals in tissues of carp showed different levels of heavy metals concentrations in fi sh, which indicates using DPS extract as a food and drug supplement in the diet of fi sh.
The medicinal use of extracts prepared from date plants is an ancient practice. Furthermore, it has been proposed that its antioxidant constituents account for its benefi cial therapeutic effects. Dates have phenolic compounds (mainly cinnamic acids) and fl avonoids (fl avones, fl avonols, and fl avanones) that provide antioxidant activities [26] .
Effects of DPS Extract on Heavy Metals Toxicity of Fish
Metal contamination of the aquatic environment is a long-term issue, since metals accumulate in aquatic organisms, including fi sh. Fish are an important source of metals in human nutrition, and those from metal-contaminated sites present a potential risk to human health [27] . According to the mechanisms of absorption, regulation, storage, and excretion of metals, the various fi sh tissues present varying bioaccumulation rates [28] .
Generally, gills, kidney, liver, and muscles are the main ways of attracting metal ions into the bodies of fi sh [29] . According to the literature, metal bioaccumulation by fi sh and subsequent distribution in organs is greatly interspecifi c. In addition, many factors can infl uence metal uptake, like physiological mechanisms, feeding behavior, metabolism, swimming patterns, and chemical characteristics of water [29] . Fish liver exhibited the highest tendency to accumulate heavy metals and -as well as the low accumulation of heavy metals in muscle -may be due to low levels of metal-binding proteins in muscles [30] . It seems that muscle is not seen as the main location of heavy metals accumulation [31] .
Polyphenolic and fl avonoid compounds of plant extracts exhibited the highest tendency to bind with heavy metals in the gastrointestinal tract of fi sh due to strong associated cluster-network structures that may increase the fraction of unabsorbed heavy metals and overall fecal excretion. Enhance fecal excretion is the sum of heavy metals excreted from the body plus unabsorbed heavy metals [32, 33] . So, polyphenolic and fl avonoid compounds of DPS extract can remove heavy metals via metal-chelating in the gastrointestinal tract of fi sh and prevent muscles from transferring and absorbing heavy metals.
Organisms have developed various strategies to protect themselves against the adverse effects of ions and their compounds that come from metals exposure of the biosphere. In animals, metallothioneins (MT) play a key role in maintaining metal homeostasis. Metallothioneins are a group of low molecular mass (2 to 16 kDa) singlechain proteins. The metal binding domain of MTs consists of 20 cysteine residues juxtaposed with basic amino acids (lysine and arginine) arranged in two thiol-rich sites [34] . Based on their affi nity to metals these proteins are able to transport essential metals to a place of need or detoxify toxic metals to protect cells [35] . Two isoforms of MT, MT-1 and MT-2, are described in all vertebrates, including fi sh [36] . In fi sh the relationship between MTs and metals was mainly demonstrated in the case of binding both physiological (such as zinc, copper, selenium) and xenobiotic (such as cadmium, mercury, lead, arsenic, silver) metals [37] .
Metallothionein synthesis in fi sh is associated with organs involved in metal uptake and metabolism, such as liver and kidney [38] .
Polyphenolic and fl avonoid compounds of plant extract increase metallothionein synthesis in the liver and improve metallothionein action to chelate heavy metals [38, 39] .
The antioxidant action of phenolic compounds of plant extracts is due to their high tendency to chelate heavy metals. This general chelating ability of phenolic compounds is probably related to the high nucleophilic character of the aromatic rings rather than to specifi c chelating groups within the molecule [40] . There is another mechanism underlying their antioxidant ability. Metal ions decompose lipid hydroperoxide (LOOH) by the hemolytic cleavage of the O-O binding and give lipid alkoxyl radicals, which initiate free radical chain oxidation. Phenolic antioxidants inhibit lipid peroxidation by trapping the lipid alkoxyl radical. This activity depends on the structure of the molecules, and the number and position of the hydroxyl group in the molecules [39] .
Although, fi sh liver exhibited the highest tendency to accumulate heavy metals, polyphenolic and fl avonoid compounds of DPS extract have a high tendency to chelate metals. Also, these compounds increase metallothionein synthesis in the liver and improve metallothionein action to chelate heavy metals. Phenolic antioxidants inhibit lipid peroxidation by trapping the lipid alkoxyl radical. So, it removes heavy metals from liver and prevents the transfer and absorption of heavy metals in the fi sh body.
The results presented here demonstrate that additional DPS extract at 0.5% and 1% doses in fi sh diet clearly reduce the concentrations of heavy metals in fi sh. The results of this research clearly show that the effects of adding DPS extract in fi sh diet are signifi cant (P<0.05). We suggest that DPS extract might be added to diets just prior to feeding in future research to further reduce heavy metals concentrations in fi sh.
Conclusions
The present study has described fi ndings that are essential for future studies to decrease toxic metals by DPS extract. In this study, the results demonstrate that additional DPS extract in fi sh diets clearly reduce the concentrations of heavy metals at 0.5% and 1% doses in fi sh. Phenolics and fl avonoid compounds of DPS extract have multiple protective functions such as antioxidative activity and protectants against heavy metal stress. They can remove heavy metals in the gastrointestinal tract and liver via metal-chelating, increase metallothionein synthesis in the liver, and inhibit lipid peroxidation by trapping the lipid alkoxyl radical that can remove heavy metals and prevent them from absorbing heavy metals in the fi sh body. We suggest that DPS extract might be added to diets just prior to feeding in future research to further reduce heavy metals concentrations in fi sh.
